Introduction
Nasopharyngeal carcinoma (NPC) is a prevalent head and neck cancer in Southeast Asia, and is closely related to Epstein-Barr virus infection. 1 Although NPC is sensitive to chemoradiation, the 5-year survival rates of individuals with NPC remain unsatisfactory. Local recurrence and distant metastasis are the main cause of failure. 2, 3 Therefore, the molecular mechanism of NPC pathogenesis must be explored.
MicroRNAs (miRNAs) are a group of highly conserved, noncoding, and single stranded small RNA (ribonucleic acid) molecules with lengths of 18-25 nucleotides. MiRNAs inhibit gene expression in combination with the 3′-UTR sequences of targeted mRNAs (messenger RNAs). 4 Previous studies suggested that some miRNAs are involved in cancer formation, as they control cell functions, such as proliferation, 
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lu et al differentiation, and apoptosis. 5 So far, miR-152 is dysregulated in various tumors and tumor suppressors, 6 such as gastric cancer, 7 colorectal cancer, 8 hepatocellular carcinoma, 9 and prostate cancer. 10 In addition, miR-152 is more downregulated in NPC than in normal tissue, indicating that it has potential as a tumor suppressor. 11 Nevertheless, the role of miR-152 in NPC remains unknown.
DNMT1 (DNA (cytosine-5)-methyltransferase 1) is a type of methyltransferase responsible for maintaining DNA methylation during DNA replication. 12 Several studies showed that DNMT1 expression considerably increases in NPC, 13 and DNMT1 overexpression leads to an increase in DNA methylation; this increase is often associated with a poor prognosis of NPC.
14 Furthermore, the upregulation of DNMT1 expression may promote DNA methylation, thereby reducing miR-152 expression. 15 However, the relationship between miR-152 and DNMT1 in NPC remains unclear.
The purpose of this study is to investigate the role of miR-152 in the regulation, proliferation, invasion, and migration of NPC, and the mechanism of its interaction with DNMT1.
Materials and methods

Patients and samples
The MiR-152 expression profiles in NPC tissues were obtained from Gene Expression Omnibus (GEO GSE36682; www.ncbi.nlm.nih.gov/geo/). In addition, GEO2R was used for the comparison between the miR-152 expression levels of tumors and normal tissues.
cell culture
Six NPC cells (CNE1, CNE2, 5-8F, 6-10B, HNE1, and SUNE1) and NP69 (ATCC, Manassas, VA, USA) were provided by the Research Center of Clinical Oncology of the Affiliated Jiangsu Cancer Hospital, Nanjing Medical University, in Nanjing, China. The cell lines were cultured in RPMI 1640 (Corning, Manassas, VA, USA) supplemented with 5% fetal bovine serum (FBS; Gibco, Waltham, MA, USA) at 37°C in a humidified chamber supplemented with 5% CO 2 .
rna extraction and real-time qPcr
Total RNA was isolated with TRIzol reagent (Invitrogen, Carlsbad, CA) according to manufacturer's instructions. Then, 2 μg of total RNA was reverse transcribed into cDNA with a reverse transcription reagent kit (Promega, Madison, WI, USA). The expression levels of mature miRNAs were amplified with SYBR Green quantitative real-time polymerase chain reaction (qRT-PCR) on an ABI7300 real-time PCR machine (Applied Biosystems, Waltham, MA, USA). The expression of miR-152 was normalized to the expression of U6. The primers for human miR-152 and U6 were synthesized by Ribobio (Guangzhou, China). The expression of DNMT1 was normalized to the expression of β-actin. The expression levels of DNMT1 and β-actin were examined, and the following specific primers were used: 5′-AGGCGGCTCAAAGATTTGGAA-3′ and 5′-GCAGAAATTCGTGCAAGAGATTC-3′ for DNMT1, and 5′-GGACTTCGAGCAAGAGATGG-3′ and 5′-AGCACTGTGTTGGCGTACAG-3′ for β-actin. All reactions were performed in triplicate for each sample. Fold changes for miR-152-3p and DNMT1 expression levels were calculated through the 2-ΔΔCt method.
cell transfection
MiR-152-3p mimic/inhibitor and miR negative control (NC) were synthesized by RiboBio. DNMT1-siRNA and NC-siRNA were obtained from RiboBio. CNE-2 cells were transfected with miRNA mimic/inhibitor/DNMT1-siRNA with Lipofectamine 2000 (Invitrogen) for 48 h. To investigate the relationship between miR-152 and DNMT1, MiR-152 inhibitor/NC inhibitor and DNMT1-siRNA/NC-siRNA were cotransfected into CNE-2 cells at the same time. To determine the transfection efficiency of miR-152 mimic/inhibitor/DNMT1-siRNA, the expression of miR-152/DNMT1 was assessed with a qRT-PCR detection system and Western blot apparatus.
cell viability assay
Cell proliferation was assessed by cell counting kit-8 (CCK-8; Dojindo, Kumamoto Prefecture, Kyushu, Japan). After 48 h of transfection, cells were collected and reseeded in 96-well plates (3×10 3 cells per well) for cell viability assay. The reaction solution (10 μL) was added into cultured cells in 100 μL of culture medium and incubated at 37°C for 40 min. Cell proliferation was detected at 24, 48, and 72 h with CCK-8 (Dojindo). Optical density was determined at a wavelength of 450 nm.
cell wound healing assay
We collected CNE-2 cells in logarithmic phase, and seeded them into six-well plates (1.5×10 5 cells per well). When cells reached 80%-90% confluence, similar-sized wounds were scratched on the surface of the well with 200 μL sterile micropipette tips. Cells were then washed three times with phosphate-buffered saline (PBS) and incubated in Dulbecco's Modified Eagle's Medium with 1% fetal bovine serum (FBS). Photographs were taken at indicated times (0 and 24 h) using an inverted microscope (Olympus, Tokyo, Japan).
cell invasion assay
Invasion assays were performed with Transwell chambers, each with a pore size of 8 μm (BD Biosciences, San Jose, CA, USA). Transfected CNE-2 cells were cultured for 48 h. The cells in 200 μL of serum-free media were added to the upper compartment (2×10 4 cells per well) of the chamber (Corning), and the lower compartment was filled with 500 μL of RPMI-1640 and 20% FBS. After 36 h of incubation, the cells on the upper surface were removed, whereas the cells that migrated to the bottom surface were fixed in 4% methanol and stained with crystal violet. Six random fields of cells were counted in each well under a microscope at a magnification of 100×.
Flow cytometric analysis
After 48 h of transfection, CNE-2 cells were trypsinized and collected at 48 h. Cell pellets were rinsed once with PBS and fixed overnight in 70% ice-cold ethanol at -20°C. The cells were then resuspended in PBS, stained with propidium iodide containing RNase A for 30 min at 37°C, and analyzed by flow cytometry. Each assay was repeated at least three times.
Western blot analysis
After 48 h of transfection, cells were extracted and prepared in modified radioimmunoprecipitation assay buffer (Beyotime, Shanghai, China). Total protein was extracted, and protein concentration was quantified with a bicinchoninic acid (BCA) protein assay kit (Beyotime). A total of 20 mg of protein from each sample was used for Western blot analysis. The primary antibodies used in this study included monoclonal anti-DNMT1 (1:1,000; Cell Signaling Technology, Danvers, MA, USA), and β-actin was used as loading control. Immunoreactive bands were visualized with ECL (enhanced chemiluminescence) detection reagent (Millipore, Billerica, MA, USA). All data analyses were repeated three times independently.
luciferase reporter construction and luciferase assays
Human DNMT1 3′UTR regions containing predicted binding site for miR-152-3p were constructed on pmirGLO vectors, and a sequence of pri-miR-152-3p was inserted into pCDNA3.1 plasmid. The CNE-2 cells were inoculated into 24-well plates and cultured for 24 h. The cells were subsequently co-transfected with Wt/Mut reporter plasmid (0.2 μg) and miR-152 mimic/miR-NC. Cells were harvested 48 h after transfection. Luciferase activities were analyzed using the dual-luciferase reporter assay system according to manufacturer's protocol. experiment with 5-aza-2′-deoxcycytidine DNA-hypomethylating drug 5-aza-2′-deoxycytidine (SigmaAldrich, St Louis, MO, USA) was used to verify the regulation of DNA methylation in the NPC cells. The cells were treated with 5-aza-cdr (0, 10, and 20 μmol/L) for 3 days and with TSA (100 ng/mL) for an additional 24 h. Cells were harvested for DNA and RNA extraction.
DNA isolation and bisulfite conversion
Genomic DNA was isolated from CNE-2 cells using a QIAamp DNA Mini Kit (Qiagen, Venlo, the Netherlands) according to the manufacturer's instructions. A Qiagen's EpiTect bisulfite kit was used for the bisulfite conversion of the DNA sample, and 1-2 μg of DNA was diluted to 40 μL with deuterium depleted water in 0.5 mL PCR tubes. Freshly prepared bisulfite conversion (85 μL) and DNA protection solution (PB 15 μL) was then added to the solution. After mixing, the reaction tube was placed in PCR instrument at 95°C for 5 min and at 60°C for 1 h for five cycles. The bisulfite-converted DNA was stored at 20°C.
Pyrosequencing
The miR-152 primers for the pyrosequencing assays were designed in PyroMark ® Assay Design SW 2.0. The design contained a sequencing primer and an amplification primer set in which one primer was biotinylated. Bisulfite-converted DNA was amplified with PyroMark ® PCR kit on a thermal cycler as follows: 3 min at 95°C, 50 cycles of 15 s at 95°C, 20 s at 54°C, and 30 s at 72°C, then a 5 min final extension stage at 72°C. Subsequently, we isolated single-strand DNAs and performed pyrosequencing assays on PyroMark ® Q96 according to the manufacturer's instructions. The degree of methylation of the target gene locus was analyzed with PyroMark ® Q96 Software (Sequencing section containing eight CpG sites: GGAGGCCACGCGCGAGAGGGGGCC GCGGGGCGGCGCGGAGG).
statistical analysis
Student's t-test and one-way ANOVA were performed in GraphPad Prism 5.0 software and SPSS 13.0. Data are expressed as mean and standard deviation from at least three separate experiments. Differences were considered significant at a P-value of ,0.05.
Results
Mir-152 is downregulated in nPc tissues and cell lines
To confirm the role of miR-152 in tumorigenesis of NPC, we searched the GEO to obtain the expression profiles of miR-152 in NPC and normal tissues. As expected, the expression of miR-152 in NPC (n=62) tissues was significantly lower than in normal tissue (n=6), suggesting that the tumor suppressed miR-152 expression in NPC (GSE36682; Figure 1A ). 
Overexpression of mir-152 inhibits invasion and migration of nPc cells
To clarify the role of miR-152 in NPC cells, we transfected CNE-2 cells with miR-152 mimics. By qRT-PCR, miR-152 expression considerably increased (Figure 2A ). In the matrigel invasion assay, the number of cells invaded significantly decreased in the miR-152 mimic cells ( Figure 2B ). Furthermore, miR-152 had similar effects in the wound healing assays ( Figure 2C ). These results suggested that miR-152 inhibits the migration and invasion of NPC cells. However, cell proliferation was unaffected by the enhancement of miR-152 expression ( Figure 2D) . Similarly, no significant difference was observed between the mimic and control groups in the apoptosis assays ( Figure 2E ). In addition, when the expression of miR-152 was downregulated (Figure 2F ), the invasion ( Figure 2G ) and migration ( Figure 2H ) of NPC cells was promoted.
Identification of DNMT1 as a direct target of mir-152 in nPc cells
Identifying a target gene is crucial to the exploration of the mechanism of miR-152 in NPC cells. DNMT1 was selected as a potential target gene for miR-152. TargetScan software was used for the screening. To verify the relationship between miR-152 and DNMT1, we transfected CNE-2 cells with miR-152 mimic or negative control. By increasing expression of miR-152, we observed the downregulation of DNMT1 expression through qRT-PCR ( Figure 3A) and Western blot analysis ( Figure 3B ). In addition, the 3′UTR of DNMT1 contained a conserved binding site for miR-152 ( Figure 3C ). To confirm that DNMT1 is a target gene of miR-152-3p in NPC cells, we constructed three vectors (pmirGLO, DNMT1-3UTR-WT, and DNMT1-3UTR-MUT) for the implementation of subsequent luciferase assay. Co-transfection of miR-152 and DNMT1-3′-UTR-WT significantly reduced the activity of luciferase, although this effect was not achieved in the mutant group ( Figure 3D ). Based on the above results, DNMT1 is an miR-152 target gene.
DnMT1 is involved in invasion and migration of nPc cells
Although DNMT1 is a target for miR-152, and DNMT1 overexpression (31 of 32, 97%) can be observed in NPC tissues, 13 the role of DNMT1 in NPC cells remains unclear. We transfected CNE-2 cells with DNMT1-siRNA or NCsiRNA, and performed qRT-PCR ( Figure 4A ) and Western blot experiments ( Figure 4B ) to verify whether DNMT1 expression was significantly reduced. After confirming the downregulation of DNMT1 expression, a matrigel invasion test and wound healing assays were conducted to validate the effect of DNMT1 on the invasion and migration ability of NPC cells. The results showed that the downregulation of DNMT1 expression significantly inhibited the migration ( Figure 4C ) and invasion ( Figure 4D ) of NPC cells.
Downregulation of DnMT1 reversing the effect of inhibition of mir-152 expression on invasion and migration of nPc cells
To further clarify that miR-152 regulates invasion of NPC cells, DNMT1, we co-transfected miR-152 inhibitor and DNMT1-siRNA into the CNE-2 cells. Then, miR-152 Inhibitor+si-NC, DNMT1-si+miR-152NC, and miR-152NC+ si-NC were designed for comparison. The results of matrigel invasion experiments showed that the inhibition of miR-152 expression increased cell migration ability, and the simultaneous silencing of DNMT1 can reverse this effect ( Figure 5 ). Thus, miR-152 can act as a tumor suppressor in NPC cells by modulating DNMT1.
DnMT1 regulates mir-152 expression through Dna methylation
The regulatory circuit of miR-152 and DNMT1 was reported in several cancers, such as breast 16 and prostate cancer. 10 Silencing DNMT1 increased miR-152 expression in the CNE-2 cells ( Figure 6A ). Given that DNMT1 regulates methylation, we hypothesized that downregulating DNMT1 expression can attenuate the methylation level of miR-152 and consequently increases miR-152 expression. To verify this hypothesis, we transfected CNE-2 cells with DNMT1-SI. The methylation level of miR-152 was significantly decreased through pyrosequencing, and PCR results showed that miR-152 expression was elevated ( Figure 6B ). Furthermore, CNE-2 cells were treated with 5-aza-2′-deoxcycytidine. The DNA methylation level of miR-152 was gradually decreased with the increase of 5-aza-2′-deoxcycytidine concentration (0, 10, 20 μmol/L; Figure 6C ), and its expression was upregulated as expected ( Figure 6D ). Consequently, our results show that the downregulation of DNMT1 expression inhibited the methylation level of miR-152 on its CpG islands, thereby increasing miR-152 expression.
Discussion
Owing to the developments in radiotherapy technology and treatment mode, local control and overall survival of NPC patients were effectively improved. 17 However, the prognosis of 10%-20% patients with NPC remains poor because of local recurrence and distant metastasis. 18, 19 Exploring the molecular mechanisms of the invasion and metastasis in NPC may provide new effective strategies for the prevention, screening, and treatment of NPC.
Specific miRNAs are dysregulated in NPC, and play an important role in the progression and development of the disease. 20 MiRNAs can be divided into two groups (according to their role in cancer), namely, oncogenes and tumor suppressor genes. 5 Low miR-152 expression is frequently observed in most tumors; this condition suggests that miR-152 is a tumor suppressor in human cancer. 6 However, miR-152 is upregulated in neuroblastoma and may act as an oncogene. 21 In the present study, miR-152 expression was considerably reduced in NPC, as indicated by the GEO2R results. MiR-152 expression was downregulated in the six NPC cells. The upregulated miR-152 expression levels in the CNE-2 cells considerably inhibited cell invasion and migration, but had no significant effect on proliferation. We obtained opposite results when miR-152 expression was downregulated. All these results indicate that miR-152 plays a role as a tumor suppressor in NPC.
MiRNA exerts its function mainly by binding to the 3′UTR region of the target gene. 22 In our study, we screened several target genes for miR-152 using TargetScan and finally selected DNMT1 according to the PCR results. DNMT1 is a methyltransferase and highly expressed in NPC. 13 Previous studies showed that DNMT1 inhibits E-cadherin expression by increasing the rate of methylation of its promoter region, subsequently blocking NPC metastasis. 23 In our study, increased miR-152 expression led to the downregulation of DNMT1 expression at mRNA and protein levels. We also confirmed that the knockdown of DNMT1 expression inhibited the invasion and migration of the NPC cells. This result was also observed when miR-152 expression was enhanced. Moreover, silencing of DNMT1 reverses the effect of miR-152 inhibition on the NPC cells. Luciferase assay results further confirmed that DNMT1 is the direct target of miR-152.
Abnormalities in genomic methylation may lead to the aberrant silencing of many tumor suppressor genes (TSGs), cellular functional genes, and miRNAs, and is, thus, closely related to the occurrence and development of cancer. 14, 24 Many publications revealed that miR-152, as a tumor suppressor, can be deactivated by methylation due to DNMT1. 10, 15 In the present study, the knockdown of DNMT1 increased miR-152 expression, indicating a negative feedback loop between miR-152 and DNMT1. Meanwhile, the level of miR-152 methylation decreased. Moreover, in the CNE-2 cells treated with 5-aza-2′-deoxcycytidine, the results were similar to those observed after knocking out DNMT1, but were more pronounced.
Increasing evidence showed that aberrant DNA methylation at promoter CpG islands of TSGs is common in NPC, particularly PCDH8, 25 RASSF1A, 26 and PCDH10. 27 MiR-152 may increase TSG expression by targeting DNMT1. MiR-152 might increase TSG expression by targeting DNMT1 so that it is involved in the tumorigenesis of NPC. E-cadherin was one of those TSGs which could also be modulated by DNMT1 because of methylation at its promoter region. 13 To our knowledge, the loss of membranous E-cadherin expression can result in enhanced cell migration activity, because E-cadherin acts as an adhesion molecule that regulates cell-cell contact. 23, 28 Moreover, this phenomenon is also closely related to the invasion and metastasis of NPC. 29 In our study, miR-152 could inhibit the migration and invasion of NPC by targeting DNMT1. From our observations, we proposed a hypothesis that downregulation of DNMT1 caused by miR-152 might lead to enhanced expression of E-cadherin, which is responsible for the inhibition of migration and invasion in NPC.
Conclusion
MiR-152 is downregulated in NPC and functions as a tumor suppressor by targeting DNMT1. In addition, a novel
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